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ABSTRACT
Objective: To test the hypothesis that there are no differences in the shape of the cranial complex
between two samples from the same restricted geographical area and separated by almost 150
years.
Materials and Methods: A group of 35 skulls from the 19th century were selected and compared
with a modern sample composed of 43 young adult subjects by means of lateral cephalograms
and using a morphometric analysis. The peculiarity of this work is the uniformity of the two samples
involving adults coming from the same restricted birthplace and with homogeneity for the ortho-
dontic classification.
Results: Although the time spans are short, significant differences were found between the two
samples. Shape changes included maxillary elongation toward the posterior region and a marked
change in shape configuration in the mandible’s points that shows a posterior rotation of the
mandibular body. The global result of this cranial base point’s movements symbolizes a tiny
tendency toward closure of the cranial base angle.
Conclusions: The hypothesis is rejected. Changes were evident, and environmental influences
can be responsible for these changes.
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INTRODUCTION
Malocclusions, caries, hypertension, diabetes, and
heart disease are diffuse pathologies in modern pop-
ulations, although they are uncommon in underdevel-
oped societies.1 Facial patterns have close relation-
ships with neuromuscular activities.2–4 Corruccini and
Whitley5 hypothesized that decreased function of the
masticatory system, as a consequence of processed
food, should be responsible for inadequate develop-
ment of the jaws (disuse theory). Lindsten et al6 ob-
served that many contemporary children chew gum
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frequently and reasoned that the lack of function of the
masticatory system cannot be isolated as a causative
factor of the increasing prevalence of malocclusions.
On the contrary, mouth breathing as a consequence
of an increase in respiratory diseases such as allergy
and asthma7–13 should be considered as a potential
important causative factor for this tendency.
Secular trends in occlusal patterns have been de-
scribed in numerous different ethnic groups, not only
between ancient and modern subjects but also in the
comparison among cohorts of the past century sepa-
rated by three decades.14–19 The growth of the naso-
maxillary complex and the mandible is influenced by
the functional matrix because they support most of the
functional organs.20 The cranial base comprises sev-
eral skeletal units and is characterized not only as sup-
porting the brain but also as the connecting element
among the brain and functional organs.
Cranial base orientation and flexion derives from dif-
ferences in natural head posture, evolutionary history,
and genetic origin.21–25 Conventional cephalometric
analysis shows several limitations and has resulted in
the proposal and implementation of new biometric
analyses of landmark data (eg, elliptic Fourier analy-
sis, finite element analysis, tensor and shape coordi-
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Figure 1. Tracing showing the cranial landmarks digitized and em-
ployed in this study. The definition of these landmarks can be found
in Bjo¨rk,38 Riolo et al,39 and Tollaro et al.40
nate analysis).26–29 The major advantages of these still-
evolving methods include separate evaluation of
shape (or of shape change) and size with no need for
reference structures or lines and visualization of mor-
phological changes.
Thin-plate spline (TPS) analysis has been applied
by Singh et al30,31 to the description of the cranial base
configuration in subjects with structural malocclusions
characterized by mandibular protrusion. TPS was also
used for the description of the growth features of sub-
jects affected by skeletal Class II malocclusion32,33 and
for the evaluation of therapeutic effects of orthodontic
therapy.34 Moreover, TPS analysis has been used to
study the dental arch shape of young adults.35
The aim of the present investigation is to evaluate
by means of morphometric analysis (TPS analysis) the
differences in the shape of the cranial complex be-
tween two samples coming from the same restricted
geographical area and separated by almost 150 years
to investigate the evolutionary trends affecting the cra-
niofacial region. The two samples are composed of (1)
a group of adult subjects derived from a contemporary
population and (2) a group of adult subjects born at
the beginning of the 19th century.
MATERIALS AND METHODS
Sample From the 19th Century
Thirty-five skulls from the 19th century were select-
ed from a sample of 150 skulls from the area of Flor-
ence, Italy (16 men and 19 women), now housed at
the Museum of Anthropology of the University of Flor-
ence. The mean age of the sample was 26  4 years
(27  4 years for the men and 25  3 years for the
women). They were a group of low social class, and
they had not lived in comfortable conditions.
The skulls examined were selected on the basis of
the following criteria: (1) no obvious cranial deformity,
(2) no missing parts of fractures of the jaw bones or
dental arches, (3) presence of the mandible, and (4)
presence of sufficient teeth to provide a definite occlu-
sion and mandibular articulation.
One lateral cephalogram was obtained for each
skull with the teeth in centric occlusion. On all lateral
cephalograms, anatomical structures were traced, and
the midline of all contours of bilateral structures was
traced to minimize the error due to positioning, differ-
ential magnification, and asymmetry.
Contemporary Sample
The contemporary sample was composed of 43
subjects (13 men and 30 women) with a mean age of
20  3 years (20  2 years for the men and 21  3
years for the women) selected from the files of the
Department of Orthodontics of the University of Flor-
ence, Italy.
The sample was selected using the following crite-
ria:
• adult dentition including the second molars,
• skeletal maturation by morphological evaluation of
the cervical vertebrae,36 and
• absence of previous or current orthodontic treat-
ment.
All subjects were white young adults belonging to
the same geographical area (Florence). They were
born in this geographical area, and they belonged to
a middle social class.
The matched samples were homogenous with re-
gard to sagittal skeletal relationship.37 The sample
from the 19th century was composed of 18 Class I, 9
Class II, and 8 Class III subjects, whereas the contem-
porary sample was composed of 22 Class I, 11 Class
II, and 10 Class III subjects.
Landmarks
The cranial landmarks digitized and employed in this
study are described in Figure 1. The definition of these
points can be found in the works of Bjo¨rk,38 Riolo et
al,39 and Tollaro et al.40
Digitization of landmark coordinates from cephalo-
grams was achieved using the appropriate software
(Viewbox, version 1.9) and a digitizing tablet (Numon-
ics 2210; Numonics Co, Lansdale, Pa). All cephalo-
grams were digitized by the same operator and redi-
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gitized by another operator, and the method error in
the landmark identification was calculated.
The standard error deviation for each dimension
was calculated from the double determinations using
Dahlberg’s formula REF. The mean value for the
method error was 0.31  0.13 mm. TPS analysis was
performed using a digitizing tablet (Numonics 2210;
Numonics Co), a digitizing software (Viewbox 3.0; D.
Halazonetis, Athens, Greece), and a morphometric
software (TPS Regr 1.28; F. J. Rohlf, Ecology and
Evolution, SUNY at Stony Brook, New York, NY). A
statistical analysis of shape differences was performed
by means of permutation tests with 1000 random per-
mutations on Goodall F statistics.
RESULTS
TPS analysis allowed graphical evidence of the
shape changes between the craniofacial configura-
tions of modern and ancient skulls. The graphical dis-
play showed the shape change including maxillary
elongation toward the posterior region. (Moreover, the
analysis of vectors shows a bodily posterior direction
of shape change of the maxillary region.) A marked
change in shape configuration in the mandible was ob-
served: condylion showed a forward movement, as-
sociated with a forward elongation of the region of the
chin (pogonion and menton). In the cranial base, a
slight tendency for a reduction in its angulation was
present.
DISCUSSION
The TPS analysis method, applied to cephalometric
landmark configurations, presents several advantages
with respect to previous conventional cephalometrics
and morphometric systems:
• the most favorable superimposition of landmarks for
the analysis of shape changes in complex skeletal
configurations without the use of any conventional
reference line;
• an explanatory visualization of the deformations us-
ing transformation grids;
• the decay of generalized modifications into more
specific, local changes; and
• the possibility of statistical evaluation of the shape
changes.
TPS analysis has been used to describe shape dif-
ferences in a variety of craniofacial structures in chil-
dren with malocclusions or dysmorphogenetic syn-
dromes when compared with normal subjects.30,41
TPS analysis demonstrated significantly different
shape changes in the craniofacial configuration be-
tween the modern young adult group and the sample
of skulls from the 19th century. The peculiarity of this
work is the uniformity of the two samples, which in-
cluded young adults originating from the same birth-
place as well as homogeneity in terms of orthodontic
classification on the basis of skeletal relationships.
Cranial Base
Previous works have demonstrated that the cranial
base angle is similar within the same population over
a long time,42,43 but it varies among different popula-
tions.42,44 For instance, Anderson and Popovich44 and
Argyropoulos et al42 have found a remarkable similarity
in the cranial base angle between ancient Greek skulls
(1800–1200 BC) and present-day Greek individuals.
They suggested that the cranial base angle indicates
a genetic homogeneity.
In another study, Kuroe et al4 found that there are
significant differences between the cranial base angle
of the European and Asian samples, while a consid-
erable similarity was found between the European and
African samples. These authors conclude that their re-
sults are insufficient to assert that the population dif-
ference or similarity of the cranial base angle in this
study reflects the degree of genetic homogeneity of
the samples.
In another study, Kuroe et al4 found that there are
significant differences between the cranial base angle
of the European and Asian samples, while a consid-
erable similarity was found between the European and
African samples. These authors concluded that their
results were insufficient to assert that the population
difference or similarity of the cranial base angle in their
study reflected the degree of genetic homogeneity of
the samples.
Our results that derive from the implementation of a
morphometric approach versus a classical cephalo-
metric approach are in accordance with those of In-
gervall et al,45 who have compared the differences in
two samples over a period of 160 years. Ingervall et
al45 examined cranial base differences between 19th-
century crania and a modern group. The modern
group had a more acute saddle angle, and the study
has found some skeletal differences that occurred
over comparatively short time spans.
The principal differences between the two groups
are graphically displayed in Figure 2. The analysis of
the cranial base shows differences that demonstrate
an acute cranial base angle with a posterior superior
remodeling of the tuberculum sellae in the more mod-
ern sample when compared with the more ancient
one.
In the global evaluation of the differences between
the two samples, the differences in the cranial base
are smaller with respect to those detectable in the fa-
cial skeleton. These results confirm that the cranium-
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Figure 2. Thin-plate spline graphical display for the two groups (predecessor vs modern).
basal complex is a stable anatomic structure within the
head.
Facial Skeleton
According to Enlow and Hans,20 the cranial base
must be considered the bridge between the neurocra-
nium and facial regions, the support on which the face
is constructed, so that variations in the cranial base
are associated with related modifications in facial
shape. The results of the current investigation show
how the modifications of the cranial base are associ-
ated with between-group differences in maxillary and
mandibular shape. Thus, the maxillary complex re-
vealed a tendency to relocate in a posterior direction,
with an elongation toward the pterigomaxillary region.
The mandibular modifications are easily discernible in
the comparison between the two samples. These sig-
nificant differences are mainly due to a positional
change rather than dimensional changes. The condyle
appears located in a more anterior position, along with
an anterior relocation of the chin in contemporary
young adults. The combination of these changes in
maxillary and mandibular structures suggests a trend
toward mandibular prognathism in more modern pop-
ulations.
The interpretation of these results can be only
tempting, while the comparison of the present out-
comes with those of other studies is complicated, par-
ticularly by the specific method of morphometric anal-
ysis applied here. However, the findings indicate that
the modern group exhibited a backward displacement
of the maxilla. This modification might be related to an
airway space reduction following an increase in the
prevalence of atopic diseases (asthma, allergic rhinitis,
and atopic dermatitis) in the past decades, especially
in developed countries. The so-called hominization
process46 is probably not involved because of the short
time spans.
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Figure 3. Vector graphical display (magnification 3).
Certainly, the other factors that could have deter-
mined the differences in the two samples are the fol-
lowing:
• the influence of the same dietary consistency with
effects on both muscle function and attrition,
• the possible effects of evolution together with dietary
effects,
• the possible hybridization effects, and
• the differences in social class levels between the two
groups with consequences on lifestyle, diet, and
muscular stress.
CONCLUSIONS
• The more contemporary sample shows a more acute
cranial base flexion and a tendency to a more re-
truded maxilla and more protruded mandible.
• These differences may be justified (1) by different
environmental influences (greater allergens presenc-
es), (2) by changes in dietary consistency with ef-
fects on both muscle function and attrition, and (3)
by hybridization effects (the result of increased rates
of breeding leading to increased variation within pop-
ulations).
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